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Many business leaders, govemment officials, and educatort beliave
that high technology will dom%nate America's econom.c future, will
of future jobs, /and will require a

upgrade the skilll requirement;
f our educational system to meet these needs.

the popularity pf these beliefs, available evidenc’é ?’onttadicts them:
f the lowest sk lled jobs in the A.metican economy vn.ll /

the expansion /
vastly outstrip the growth of high technologf/ ones; and the/‘

preliferation jof high technology :.ndustt:.et and their products is far

transformation

1

more likely to /reduce the ,sk111 tequxtementt of jobs ul! the U.S. economy,
than to upgrade then, ,Nonetheleu, the educational systea. thould/
. sttengthen the analytzcal and communicative okillo of students, not
bacause of he needs nf high technology, but becaufae such skills w:.ljl

Despite /
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New advances in technology-—in genetic engineering, it,i robotics, aud
particularly in computers-—are transforming the lives ;of Americans in
/

the home and the workplace. While the micro-computer hJ,s signalled the

arrival of "high-technology" in the home, many observ!érs believe that
Not only do /

its influence in the workplace will be even more profound.
robots, and the fruits of '

industries producing micro-processors,
bio-technology promise rapid growth in sales and employment, but

micro-computers and robots are also expected t:? transform ocher/
industries and occupations throughout the economy. One observer/
predicted that 40 to 50 percent of all American'wor,kers will be using/

/

electronic terminals by 1990 (Giuliano 1982, p. 152). f
i growtéi o

Goverument leaders, Republican and Democrat alj‘xke, see the
Z't current economic
h

of high~technology as one key to solving Americ

problems. As President Reagan said in his State of the Union Address /on
January 25, 1982: , /
+++.88 surely as Americans' pioneer spirit made us the \

industrial gxant: of the 20th century, the same pioneer spirit
today is opening up another vast frontier of opportunity-—the
frontier of high technology. In conquering this frontier, we
cannot write off our traditional industries,/but must develop
the skills and industries that will m%e us a pioneer of

tomorrow.
‘,\%,,

Business leadcrs have echoed t:his unt:ment:, callmf on;,t:he educational

= system to huke the changes neceu':ry to provzde enough skilled workers;m
to fuel the growth of high technology. As Steven Jobs, co-founder o,ﬂ ii
"A i‘! \-‘y'

Apple Computer, recently stated in a speech at Stanford University:
massive retraining effort by governmént: and priv'at:e industry could

alleviate the problem of job skill obsolescence created by the expanding

computer industry" (Stanford Daily 1983).




Policymakers have proposed vast changes in the educational system
to respond to these challenges. The propoged changes are based on the
belief that our high-technology future will require workers with more
sophisticated job skills. A recent publication from the Education
Commission of the States (1982) exemplifies this widespread belief:

Occupational growth throughout the 1980s is projected to
expand most rapidly in the higher-skilled, technical
occupations. Tomorrow's workers will likely need improved
skills in the selection and commaication of information.
Many of today's skills considered to be of a "higher" level
are the potential basic skills of tomorrow (p. 1).

Such beliefs ha-ve prompted proposals to upgrade math and science
education in our nation's secondary schools, to place computers in all
elementary and secondary schools, and to generate $1 billion ia new
support for high-technology education (Botkin, Dimancescu, and Stata,
1983). .

These beliefs are based on two assumptioms. First, future job
growth in the United States will favor professional and technical level
jobs--such as engineers and computer programmers-—that require
considerable education and sophisticated training in computer-related
areas. Second, high technology will upgrade the skill requirements of
existing jobs because workers in those jobs will york increasingly with
technologically sophisticated equipment, such as comput:e;:s.

Despite the widespread propagation of these assumptions, both are
contradicted by available evidence. Most new jobs will not be in high
.technology occupations, nor will the application of high technology in
'-é'xisting jobs require a vast upgrading of the skills ofst:tl;é American
& labor force. To the contrary, the expansion of the lowest skilled jobsj ’

\ in the American economy will vastly outstrip the growth of higfx

technology ones. And the proliferation of high technology industries
and their products is far more likely to reduce the skill requirements .
for jobs in the U.S. economy than to upgrade them.

In the remainder of this paper we will examine the two common 2

assumptions about high technology and the supporting evidence in greater

Q / 7




detail. We will then discuss the educational implications of Bur

high~technology future. ‘ . y

t

J
Future Emplloyment: Growth

To whaz degree will high t:elc':hnology jobs dominate future employment

growth?  Accurate predictions on the composition of future employment

-depend on the analysis of many factors. These include such influences

as economic growth, labor florce demography, foreign trade mcvements
(many of which are influenc{ed by changes ir internaticnal exchange
rates), technological brealéthroughs«, and decisions of multi-national

organizations with respect to the international rationalization of

production. Many of these factors are difficult to predict because they

are subject to political and economic vagaries on a world scale.

While no methodology is likely to provide completely accurate
results, those that consider a large number of pertinent influences are
likely to be superior to simple extrapolations or other uncomplicated
projections. In this respect, the estimates of the Bureau of Labor
Scatistics (BLS) of the U. S. Department of Labor represent some of the
most refined attempts to project the growth and composition of future
employment. . ____;, 2

"Sincé the 193_6;‘BL§~h;;\;Er10d1caﬂmd a8 series of
projection studies based on an ecomomic growth model. Over the last two
decades "the methodology has been continually modified to include
greater industrial detail, other models, more rigorous analytical
techniques, a more auj:omat:zc system for processing calculmoqs and
broadek ‘Goverage inc Iudingvlnbor force and occupations inm “the*Eurrent
version" (Oliver 1982, p. 1). The methodology incorporates several
assumptions about growth in the labor force, economic output, and
productivity. Further, to allow for uncertainty, recent projections—
for the year 1990--are based on three different scenarios regarding the
growth of these various factors. The more optimistic projections assume
high growth rates in economic output and productivity, while the more

conservative projections assume lower growth rates.
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The employment projections are based on occupationnl employment

patterns within detailed industries in 1978, projected employment
patterns within‘ these industries in 1990, and projected total emp lcyment
_within each industry based on the economc projections. It is important
P ‘ to note that employment growth refers only to new jobs added to the
economy rather than job openings. Job openings will be much higher. BLS
estimates that employment growth will account for only one-third of

AR
total job openings between 1978 nnd nd 1990 _(excluding openings due to
_—______________—————

workers' channgng'j‘ob““mlth the remaining two-thirds—due to the/”/
| re—;l:cement of work i isting jobs who withdraw from the labo
//—E‘uft’em::i:j retirement, or other reasons (U.S. Bureau of

Labor Statistics 1980, p. 6).

We will limit our discussion to employment growth resulting from
projected creation of new jobs using the BLS figures based on
assumptions of modest growth rateas. According to thezse figures,
employment will increase by 22 million or 23 percent between 1978 and
1990 (Table 1). The fastest growing job categories in relative
terms--percentage¢ change between 1978 and l§90-inclnde several high
technology areas. This projected expansion apparently has led to the .
commonplace assumption that aggregate job growth will be biased toivu;d =
high technology dccupations, Of the five fastest growing occnpatxon's,
three--data procesnng‘ t\l:echxne mechanics, computer systems analysts, and
computer .ope rat ors--deal with high-technology products. Employment in .
these five occopntxons is projected to increase by over 100 percent, b “
more than four times the employment growth rate in all occupatxons. , }

Such percentage changes are misleading, however. The total number
of new jobs generated in these and other high technology occupations

will be vastly outweighed by employment growth in other areas.

Slower-growing occupations with a large employment base are expected to
¥

contribute far more jobs to the economy than high technology

occupations, Of the 20 occupatxona expected to generate the.-most jobs

in the economy during this perxod not one i3 r,elated to high

technology. As Table 1 shows,-the | fxve occupations expected to produce

i
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the most new jobs are all in low - ‘skilled areas: janitors, nurses'
-0 con

udes, sales cletks,,wcahxeta, and waiters and waitresses. _Theoe five

©__job. s—alone w1.11 account for 13- percent of the to total enployment growth
- between 1978 and 1990. Only 3 or 4 of the "top 20" occupations i

of totgl,c“ég_gg,ih.mtio —ta”j“ﬁ?m/—e_ education beyond t:he
- ":—1 econdary_level, and. only—two-require a college-degree (teaching and

This picture is further reinforced by examination of individual §

high technology jai; categories. While jobs for computer systems
analys ts will increase by over 100 percent between 1978 and 1990, only P
200,000 new jobs will be created.. Iﬁ,con&rast’thm»wrﬂ"ﬁi over

. 600,000-new Jobs For janitors and se tons+In fact, more new jobs for

janitors will be c:eaeed’m in all the five occupations with

4 theahffh‘é/ﬁ/;:latxveygtowth rates. Consider another example: about

.~ 77 150,000 ‘5ew jobs for computer programmers are expected to emerge during

this 12 year period, a level of growth vastly outpaced by the 800,000
new jobs expected for fast focd wérkers and kitchen helpers.

Employment growth for the economy as a whole will favor lew and
middle level occupations. While employment in professional and
technical occupations is expected to increase by 20 percent for the
twealva year period, this growth rate is lower than in either-of the two

preceding dec gf__g__g_'g_a_t:_]._g 2),.__..!:m.p1 oyment in all professiomal—and——-

st

e . .
- - —managerial occupations increased by 36 percent between 1960 and 1970
it is projected to increase

and 45 percent between 1970 80— j i
7 -by—ouly percent between 1978 and 1990. C],.,er.ic‘tl’lﬁa’t’e?v’ice

occupations will account for 40 pe:i:mft"ﬁ the employment growth during

this period.

Revised BLS estimates show that high technology occupations, as a
group, will account for only 7 percent of all new jobs between 1980 aud
- 1990 (Coleman 1982)., BLS forecasts are further supported by other
government malyses, such as those by the Department of Defense (Choate
1983). ’




InWs timates suggest that employment growth
£ jobs that require little or no training beyond the high
school level. Although employment in high technology occupations will

poses

I

”M,_ma—j-or"iif)’a‘c t on overall employment growth in the foreseeable future,

1ncrease quickly in percentage terms over this decade, the conttihut:-iou‘/
T =
of these jobs to total employment growth will .be—quite small, — - -~ .. ___._.

The Impact of Technology on_Existifig Jobs 7
While the growth—oT high technology ‘occupations will not have a

h'igh _technology will have a profound impact on many jobs in the economy. - e

Increasingly workers in a variety of work settings will find eir—joba .
altered by sophisticated computer technologi®s. Secrctaries will work

oSt -
with word processing—equipment; bookkeepers will use computerized,

finlnciifsptead sheets; -clerical workers in put_ghas.'}.ng and inventory

will apply their skills to automated and computerized record systems;
mechanics will use diagnostic equipment employing mini-computers; and
telephone operators will rely on computerized directories. But will the

use of these new technologies require workers with more sop_his_t:icat:ed
skills?

To answer this question, it is nacessary to examine how technology

is applied in the workplace. The application of t:gc_hpg,Logy-»i-s"pﬁ"t:’Sf”;

more fundamental process that -has characterized production

historically-—theprocess of dividing work tasks into simplified
operations that require few skills to perform. Through this process
production tasks are fragmented into repetitive and routinized -
activities for which unskilled and low paid workers can be employed.
This movement toward a minute division of labor was first advocated by

Adam Smith in The Wealth of Nations and later refined by Charles
Babbage:

Babbage's principle is fundamental to the evolution -of the
division of labor...it gives expression not to a technical
aspect of the division of labor, but to its social aspect.
Insofar as the labor process may be dissociated, it may be
separated into elements some of which are simpler than others
and each of which is simpler than the whole. Translated into

11
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- . market -terms; this means that the labor power capable of per-
' —————""" " forming the process may ﬂb}_p}gghasedr more cheaply as dissocia-
ted elements than—as”a capacity integrated in a single worker.
o —n———Applied £iFst to the handicrafts and thea to the mechanical
crafts, Babbage's principle eventually becomes the underlying
force governing all forms of work ...no matter in what setting

or at what hierarchical level (Braverman 1974, pp. 81-82).

//_M
Technology aids this process. —The—division of ‘work tasks into

component. -pa-rtS”’fs'Ef}:;n accompanied by the dechanization of Some of™
"~ 7 those tasks. For example, the assembly line aﬁ'éﬁé?f%?‘ﬁ”e‘:‘fry‘?ordmr—}yﬁ\
in this century, alt:ho.t.;gh first controlled by nonmechanical methods, was
soon mechanized (Gartman 1979, p. 200). As technology advances, an
increasing number of work tasks:.can be mechanized. . Advances in™
micro-electvorics, in particular, threaten to further fragment work
tasks and contribute to t:i;é"‘"des&illing" of jobs (Cooley 1983).

The process of fragment:ac\ién not only allows employers to-lower “__“;
their. costs, but to befter control the production process., The

organization of work in the United States has evolved from many small,

local units into a much _smaller number of large, hierarchical, national
Sﬁﬁmnational organization:s. This transformation has been
accompanied by more* sophisticated methods of conmtrol (Marglin 1974;
Edwards 1979). !

Technology also aids efforts to control the workplace: . —

Machinery offers to management the opportunity to do by wholly |

mechanized means that which it had previously attempted to do

by organization and disciplinary means. The fact that many |
machines may be paced and controlled according to centralized 1

. dec’i’g\ions, and that these controls may thus be in the hamds of = ——
e 3

Y

management, removed from the site of production—tothe -
office--these technical possibilities are of just as_great
interest to management as the fact that the machine multiplies g

the productivity of labor (Braverman 1974, p. 195). 3 gzt

In the case of the automotive assembly line, for example, mechanization
not only reduced labor costs but alloved management to more easily

control the pace of production (Gartman 1979).

12




It is often asserted that while machines will increasingly perform
tasks previously perfor}zed by workers, generally the machines will
perform the most tedious and least skilled tasks. That is, the most
desirable and challenging taﬁks will continue to be performed by
workers. Further, as automation becomes more widespresd, with more and
more workers using complex, sophisticated machines, workers will need
‘increasingly complex skills to work with them.

James Bright, a professor at the Harvard Business School,
investigated similar claims more than 20 years ago. He examined the
effects of automation on job skill requirements in a variety of U.S.
manufacturing firms. The general assumption, which was as common then
as today, was that increasing levels of automation required increasing
skills by operators and other production workers (Figure 1), Bright
observed, however, that the skill requirements of jobs first increased
and then decreased sharply as the degree of mechanization ingreaaed:

+ssthere was more evidence that automation has‘reduced the

skill requirements of the operating work force, and occasion~
ally of the entire factory force inecluding the maintenance
crganization...automated machinery tends to require less
operator skill after certain levels of mechanization are
achieved. It seems that the average worker will master
different jobs more quickly and easily in the use of highly
automatic machinery. Many 8o-called key skilled jobs,
currently requiring long experience and training, will be

reduced to easily learned, machine-tending jobs (Bright 1958,
ppo 86-87)0 v

Evidence for the United States as a whole supports Bright's conclusions:
aggregate skill requirements of jobs in the U.S. economy have changed
very little over the last two decades despite widespread automation in
many industries (Rumberger 1981).

Case studies that have documented the application of more recent
technologies in a broad variety of work settings confirm this tendency
(Zimbalist 1979a). For example, many of the jobs in the printing
industry, such as typesetting, press operating, and photoengraving,
historically have required highly complex craft skills (Zimbalist

1979b). A series of technological advances over the last 30 years has

*
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enable& many of these operations to be performed by machines. The
introduction of teletypesetting machines in the 1950s took over many
manual typesetting operations. Then the introduction of computer-aided
phototypesetting in the 1960s took over the tasks of word hyphenaticn
and line justification. Finally the introduction of video display
términals removed the tasks of composing from the press floor altogether
(Zimbalist 1979b, pp. 107-109). Thes-e advances reduced sharply the
skill levels of workers who remained in the newspaper composing room.
The computer industry itself, the heart of the high technoiogy
revolution, provides another case. Early computers were not only
large and expensive by today's standards, but they required programmers
and operators with fairly complex skills to use them (Kraft 1977;
Greenbaum 1979). But as the technology changed, so did the tasks and
the skills ianvolved in their operation. Computer programming was soon
divided into the more creative, skilled tasks—~performed by computer
systems analysts--and the more tedious, routine tasks-—performed. by
computer programers ‘and coders. Programming itself became easier as
computer languages evolved from high~level machine languages to packaged
programs to more 'user-friendly'", menu~prompted packages (Kraft 1977),
Advances made in computer software };ave meant that workers can use
computers in a wide variety of work settings without any knowledge of
computer languages., The new generation of office computers, for
example, are specifically designed so that "no special computer skills
are needed to operate" them (Giuliano 1982, p. 149). Moreover, office
computers perform many of the tasks formerly done by secretaries,
actually reducing the requisite skills of office work (Glenn and

Feldberg 1979). Word processors can correct typing errors automatically

. by use of electronic dictionaries, so letter-perfect typing and strong

spelling skills are no longér required. In addition, supervisors can
monitor each operator's output and compare productivity among workers
instantaneously (Glenn and Feldberg 1979; Arnold, Birke, and Faulkner
1981).
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Computers and other products of the micro-electronics revolution

are transforming work in virtually all sectors of the economy, from
agriculture to transportation to engineering design (Scientific
American 1982). The future suggests that this transformation will
become even more widespread and that technologies will become
increasingly sophisticated. Machines will be abie to perform more
complex, mental tasks us more advanced software is developed. But the
use of such sophisticated equipment will not necessarily require workers
with more sophisticated skills. In fact, past technological advances
suggest the opposite is often the case. The automobile of today is far
more sophisticated than its predecessor of fifty years ago. Yet,
today's car is far easier to drive. Computers are far more
sophisticated today than they were 10 or 20 years ago. But programming
and using cémput:ers are considersbly lest demanding today, and many
computer-related jobs require virtually ne knowledge of computers.

A relatea concern is that entire :lasses of skilled workers will
disappear or will be severely reduced in numbers as their jobs are
replaced by robots or computer software. For example, robots could
replace up to 3 million operative jobs in the next 20 years and
poteatially eliminate all 8 million operative positions--currently 8
perceut of the workforce-—by the year 2025 (Ayres and Miller 1982, 18
42). The widespread use of computer-aided design €€AD) may \i'{_x:-t:ually
eliminate the occupation of drafter in the not-too~distant future, a
potential loss of 300,000 skilled positions (Gunn 1982). The potential
of high technology to displace jobs more generally is ominous (Leontief
1982). ‘ '

It is clear that applications of high technology can be used to
enhance the quality of working life and the utilization of worker
skills, or to reduce them (Walton 1982). . The outcome will depend on how
the technologies are applied and how employers use them. Past
applications of technology in the workplace as well as present evidence
suggest that future technologies will further simplify and routinize

work tasks and reduce opportunities for worker individuality and

15

Epp—-
[ O o *

¢




11

judgement. Moreover, the displacement in jobs and the downgrading of
skill requirements for most of the néw positions will undermine

employment generally, and especially the employment of skilled workers.

Educational Impl:.cat:lons

"Given the widely, advert::.sed view that high technology w111
dominate the demand for new workers and raise skill requ:.reme*xt:!s of
jobe, the usual prescription is that there must be a vast transform#t::.qn
o} the educational system. It is assumed that rising skill levels for
employment will require more training in mathematics, computer gcience,

and technical applications for the labor force as a whole as well as

an increasing number of workers with specialized training in these
fields. Consequently, schools must adapt to these new responsibilities
through major upgrading of mathematics and science curricula as well as
teacher preparation. Schools also need to establish specialized courses
of study in computer applications and programming to provide vocational
training for high school and community college students.

We have asserted, however, that while some jobs will require these
skills, the vast majority will not. Indeed, one of the major purposes
and effects of high technology is to simplify or reduce the skill
requirements for performing a particular work task. With the exception
of a r‘elatively small number of highly specialized positions for
designing and implementing high technology applications, most jobs will
not require higher skill levels. Induatrial shifts and technological
change may require different skills, but the preponderance of . persons
affected by gsuch shifts will not need more mathematics or computer
science. And, for significant numbers of jobs, the skill requ:.rement:s
that will have to be met will be less-demandmg.

3ased upon these assessments, what educational policies are
implied?

First, tle general educational requirements for creating good
citizens and productive workers are not likely to be altered

‘significantly by high technology. Everyone should acquire strong

16
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ana lytic, expressive, communicative, and computational skills as well as
extensive knowledge of political, economic, social, and cultural
institutions. These aptitudes and knowledge are required for
understanding daily experiences and for ensuring access to social
opportunities. To the degree that 'the present gchools £all short of
providing these results, they should be sought for their own sake rather
than because of the claim that they are required for a high technology
future.

Second, since we cannot predict in any precise sense which jobs
will be available to particular persons, which jobs they will select
from among those available, and what the characteristics of jobs will be
over a forty year working life, it is best to provide students with a
strong general education and an ability to adapt to a changing work
environment. Such adaptation requires a sufficient store of information
about culture, language, society and technology xs well as the ability
to apply that information and aéquife new knovledge. Accordingly,
general academic and vocatiounal preparation should be strazssed, as
opposed to specific training, especia‘lly for young students.

Specific job‘ skills can best be learned on the job, if ‘a worker's
general background is sufficient (Thurow 1975). Recent surveys cf both
U.S5. and British employers indicaté that they seek new employees with a
" sound education and good work habits rather than narrow vocational
skills (Maguire and Ashton 1981; Wilms 1983). _

Third, if ckanges in work requirements arise abruﬁt:ly and change
occurs at a faster rate than previ«;;usly, the educational systenm may‘need
to respond more quickly and efficiehtly to training needs. It may
require better ties with industry #nd should not exclude the possibility
of more industry-based training activities. It should also be tied to a
system of recurrent education, since workers will no longer be able to
acquire a.set of job skills at the beginning of their careers *hat will
be useful over their entire work lives (Levin and Schutze 1983; Mushkin
1974). ‘

17
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In summary, the educational implications of high technology are
that a solid basic education rather than narrow vocational preparation
will become more important in the future. This will require elementary
and secondary schools to strengthen virtually all their instructional

offerings that require analytical and communicative skills.
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Table 1
. Employment and Employment Growth in the Fastest Growing Occupations: 1978-90

. Employment Growth 1978-90

Occupations Employment . Numb2r of Jobs
(percent
(thousands) Percentage of all
1978 1990 Increase (thousands) occupations)

Fagtest relative growt:ha

l. Data processing machine

mechanics 63 156 148 93 0.4
2. Paralegal 28 66 132 38 0.2
3. Computer systems analysts - 185 384 108 199 0.9
4. Computer operators 169 317 88 148 0.7
5. Office machine and cash
register gservicers 49 89 81 40 Q.2
) Total 494 1012 105 518 2.4
! Fastest absolute érowt:hb
l. Janitors and sextons 2585 3257 26 672 3.1
2. Nurses' aldes and orderlies 1089 1683 55 59 2.7
3. sSales clerks 2771 3362 21 591 2.7
4. Cashiers 1501 2046 36 545 2.5 ‘
5. Waiters/Wairresses 1539 2071 35 532 2.4
Total 9485 12419 31 2934 13.3
Total, all occupaticns - 97610 119590 23 21980 - 100.0

%Based on the percentage increase in the number of jobs created
bBased on the number of jobs created

) Sourcef"/éa/rey (1981), Table 2
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Table 2 i

Employment Growth by Major Occupation G?ouﬁ:
4

1960-90

i
»
3
I
+

Employment Growth
(percentage di:

Major Occupation Group 1970-80 1978-90

(2) (3)
Professional and technical 30.0 22.3 20.3
Managerial 6.0 22,7 7.7«
Sales 5.8 2.6 7.0 °
: Clerical 32.9: 21.0 20.0
Crafts 11.2 9.5 12,2
Operatives 7.5 1.8 10.0
Laborers o7 4.8 4.8
Farm workers ~14.5 - .2 - 2.6
Service 20.4 15.5 20.7
Total 100.0 100.0 100.0

Sources: (1)-(2) Rumberger (1983), Table 2; (3) Carey (1981), Table 2. -
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Figure 1

The Relationship Between Inéreasing Levels of Automation
and Job Skill Requirements

/ \ *Skill verses Avtomation™
As wegeited by sctvel experionce

~— Reseorch indiconons
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Source: Bright (1966), p. II-209.
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